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A THREE-YEAR SURVEY OF THE FLY POPULATION
IN NEW HAVEN DURING EPIDEMIC AND NON-
EPIDEMIC YEARS FOR POLIOMYELITIS*
MAXWELL E. POWER and JOSEPH L. MELNICK
Because flies have been proven to be carriers of poliomyelitis
virus during epidemics of the disease (see review by Trask, Paul,
and Melnick5) it has seemed important to make a systematic study
of the fly population of some one populated area. Such an investi-
gation was undertaken in New Haven, Connecticut, and conducted
there in the three successive summers of 1942, 1943, and 1944.
The object of the survey was, first, to learn the nature of the local
population of flies, that is, to learn what species were regularly pres-
ent, to derive curves indicating the albundance of each species
throughout the summer season, and to ascertain the character of
the total population. Second, it was proposed to note if correlations
might be apparent between the seasonal fly curves and the occurrence
of poliomyelitis in this city. Since New Haven had a serious epi--
demic of poliomyelitis in 1943 the present report presents the fly
records for one epidemic year and for the non-epidemic year preced--
ing it and the non-epidemic year immediately following it. The
purpose of this report is not to formulate conclusions, for such are
impossible at the moment, but rather to make available the objective
records. The results of the 1942 survey have been previously pub-
lished by Power, Melnick, and Bishop.4
Method
With a few minor modifications, the flies were trapped and handled by
the methods used in the 1942 survey. In the latter two years, however,
the traps were all baited with the same mixture of feces and pooled mouse
tissues and set out at fairly regular intervals averaging about twice a week.
* From the Osborn Zoological Laboratory, Yale University, and the Section of
Preventive Medicine, Yale University School of Medicine. This work has been
aided by a grant from the National Foundation for Infantile Paralysis, Inc. In the
tedious task of compiling the data into tables and graphs for study the authors
acknowledge the valued assistance of Arthur D. Wolf and James C. Walker, Yale
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The traps were placed out of doors on a site near the New Haven Hospital
and not far from the so-called "Hill" region, which was the original focus
of the 1943 poliomyelitis epidemic in this city.
The flies of each trap were killed by placing, them in a dry-ice chest or
in an ether chamber, the total volume of the catch was then measured, and
100 flies from each day's collection were taken at random and identified.
Figure 1 shows the duration of the survey in each of the three years.
Results
The total population
The general outline of the total fly population for the three
summers is presented in Fig. 1 which records the total volume of
flies captured on each day of trapping. The shape of the curve in
each year is asymmetrical, with the ascent being steeper than the
descent, due to the fact that the growth of the population was more
rapid than its decline. The large rise was preceded by an anticipa-
tory peak which occurred about two to four weeks before the prin-
cipal ascent. The
low1942 development of
&- XAthe population
000. pJ |1 | t(as revealed in
the left side of
the curve) came
_______________________________ earlier 'each year,
Soo *45 with thatin1944
p~~. (V~~~~ being almost one
z m oJVnmonh before
3r °40 _ / < \ _ | that of 1942.
_______________________ The highest
1944 point on each
Uioo J. \%.A A curve also ap-
Peared at differ--
MAY JUNE JULY AUGUST SEPT OCT | ent te
un 1943 on June
Fig. 1. Total population. 29, in 1942 on
July 13, and, in
1944 on August 4, although a peak was also present as early as
June 12.
The tops of the three curves show certain interesting features.
It is noted that the top of the 1942 curve is the most irregular, but
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this is an artifact caused by the trapping procedure, for in that first
season the traps were set out at rigid intervals irrespective of the
weather, so if it happened to be raining on that particular day, few
flies could enter the traps; hence the two deep sinuses in the record
of that year. But if these are ignored it can be seen that the period
of great abundance was the shortest in that year, extending roughly
from the first to the last of July. In 1943 the population began to
increase about two weeks earlier and remained at levels which were
higher than in 1942 until well toward the end of August. In 1944
the population exploded into abundance at the first of June and
remained at a high, relatively flat, plateau until the beginning or
perhaps the middle of September. In this last year the height to
which the total numbers rose was lower than in the preceding two
years (by the trapping methods employed) but the length of the
period of abundance was greater. In this regard it must be stated
that a study of the weather conditions showed little direct correlation
between them and the fly curves in any of the three summers and
for this reason the present report will omit the meteorological data.
Temperature and rainfall have been recorded along with the 1942
data in our earlier publication.
The above curves (Fig. 1) of the volumes of the total popula-
tion do not give any indication of the number of species involved;
in fact, the shape of the population curve is almost the reverse of a
curve drawn to indicate the num-
ber of species at any one time 6
throughout the summer. Figure 14
2 reveals that in 1943 (the most z-12
complete of the three 'trapping ,ZC
seasons) the largest number of w8
different kinds of flies were c 6
trapped at the beginning and at ,l
the end of the summer, and that
in the middle of the season when c M J J A SEPT
the number of indlvidual flies was
greatest, the number of different Fig. 2. Numbers of different species.
kinds of flies was lowest.
During June and July, 1943, a second trap, baited as the experi-
mental one, was set at weekly intervals about a half mile from the
experimental station. Inasmuch as the volume of catch as well as
the species of flies trapped was similar in both locations, the setting
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of the second trap was discontinued. Only those data pertaining
to the trap set near the New Haven Hospital were used in recording
the 1943 survey, since this was the same site used in the 1942 and
1944 surveys.
The species present
The curves in Fig. 1 represent the total population of flies (as
trapped) and are thus composite pictures produced by the develop-
ment of the several species of flies which were present in the area
studied. The different species which were found and regularly
identified in the routine determinations are listed here under the
families recognized by Curran.2 Because the individuals of several
genera were not regularly segregated into species and because a few
other rarely occurring kinds were not identified at all, the list below
does not represent the total number ofdifferent species which entered
the traps during the three summers.
STRATIOMYIDAE
Ptecticus trivitattus Say
SYRPHIDAE
Syrntta pipiens L.
Toxomerus geminata (Say)
OTITIDAE
Chrysomyza demandata F.
Euxesta notata Wied.
Camptoneura ( Delihinia)
MUSCIDAE
Fannia spp.
Helina spp.
Hylemya spp.
Musca domestica L.
Muscina assimilis Fall.
Muscina stabulans Fall.
Myospila meditabunda F.
Ophyra leucostoma Wied.
Scatophaga spp.
Stomoxys calcitrans L.
METOPIIDAE
Bufolucilia silvarum (Mg.)
Callithora erythrocephala Mg.
Caliphora vomitoria L.
Cochliomyia macellaria (F.)
picta F. Cynomyopsis cadavermna (R.-D.)
Lucilia illustris (Mg.)
Phaenicia caeruleiviridis (Macq.)
Phaenicia sericata (Mg.)
Phormia regina Mg.
Protophormiaterrae-novae(R.-D.)
Pollenia rudis F.
Sarcophaga spp.
All of the above species were not trapped each year. The great-
est number were collected in 1942, due perhaps to the fact that a
more varied system of baiting was used that summer.
Record of the individual species
The quantitative incidence of each of the component species has
58FLY POPULATION IN NEW HAVEN 5
been plotted individually so as to show its seasonal history in each of
the three seasons. The curves of the more common species are
shown in Figs. 3 through 14. The lines in these figures represent
the calculated abundance of the species. The values were obtained
by finding the percentage which the species represented in each
identified sample and then multiplying that by the volume of the
total catch for the day. It is recognized that this gives a rough
value, but it is also a useable figure. Perhaps one of the most strik-
ing things at once apparent from these graphs is the variation shown
by the same species from year to year.
The four species of greenbottle flies* which entered the traps
have generally been considered to belong to the one genus Lucilia,
although various authors have been inclined to split the genus into
separate genera. The latter method has been employed here in
uniformity with the practice of the insect taxonomists in the United
States Department of Agriculture who base their interpretation
of these species on the still unpublished revision of the Calliphoridae
by D. G. Hall. The four species have been identified in the present
study by the following simple characters (see Aubertin1). Phaenicia
sericata has three pairs of posterior acrostical bristles and yellow
basicostal tergites; Phaenicia
caeruleiviridis yellow basicosta low, --_EN_ClA S__ CATA
but only two pairs of posterior 9
wI
acrosticals; Bufolucili4a sil- J
varumblackbasicostaandthree fi /
pairs of posterior acrosticals; r9^
and Lucilia illustris has dark
brown or black basicosta but
only two pairs of posterior ,
acrostical bristles.
By an overwhelming major-- I JUNE Jus'. SEPT OCT Nov
ity (87 per cent of the total
volume trapped in 1943 and
1944) the dominant species of fly which entered the traps in all
three years was the greenbottle fly, Phaenicia senicata (Fig. 3).
This fly was so enormously abundant that its curves of incidence
show almost the same shape as those for the total populations of the
* The common names used in this report are those approved by the American
Association of Economic Entomologists and the Entomological Society of America
(Muesebeck3).
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same seasons. This is made clearer when the two are plotted on
the same coordinates, as in Fig. 1. This graph demonstrates that
Phaenicia was consistently the dominant species throughout almost
the entire length of the seasons. The dotted line, which is the
record of Phaenicia, is strikingly near and remarkably parallel to the
solid line which indicates the volume of the total catch. The thin
space between the two lines represents the volume of all the other
species. This dominance ofPhaenicia, in a sense, made it thereby the
controller of the expression of the whole population. An inquiry,
inlto the development of the total population of flies in New Haven
thus would be resolved into a consideration of the biology of this
species, for, by the trapping methods employed here the behavior
of Phaenicia was directly reflected in the curves of the whole popula-
tion. Although the curves of
Xc-C P~MMIF $W&NA total population are composites
IM of several species, if all the
Rz species but Phaenticia sericaa
were ignored the curves would
still have approximately the
a.^ l same shape.
380 l \ Phormia regina (Fig. 4)
____________________________ was the third ranking fly in
terms of abundance, and was
MAY JUNE JULY IAUUSrST I consistently present through-
Fig. 4 out most of each season. How-
ever, in 1942 and in 1944
Phormia, although always present, never attained unusually high
numbers, but, rather, oscillated up and down with relatively low
amplitude. But in 1943, which was the year of the poliomyelitis
epidemic, from the end of June through July this species was con-
siderably more abundant than in any other period in the three years.
In 1943 it produced a peak of more than 250 cc. on June 29th,
which was almost five times higher than its highest point in either
1942 or 1944. Still further, the 1944 season differed from the pre-
ceding two in showing the highest peak of Phormnia regina shifted
to near the end of the season.
The graphed record of the occurrence of Lucilia illustris (Fig.
5) shows that this greenbottle fly had a history that was strikingly
similar to that of Phormia regina. Lucilia was the second most
plentiful fly and although it was rather regularly present in the
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catches, for the most part it occurred in rather low numbers. The
oscillations from collection to collection were of low amplitude,
except in 1943. In that year
Lucilia was unusually albun- gU ULLUST
dant from the last week in
June through the first two
weeks of July. In that period >
it was consistently higher than
at any time in the other two :
summers, even in its highest { ___
poinit in either 1942 or 1944. ^
Species of Sarcophagag _ 1~~~~~~ MM I X I #S-T stw &- NW pooled together represent t e
fourth largest sector of the Fig. 5
population. The three seasonal
records of this genus (Fig. 6) are so different that it is impossible
to generalize concerning them. They were most abundant in 1942,
Q
24F
ts-~ ~ ig
Fig. 7
and in that year were at their
maximum during July. In
1943 they were least plentiful
and did not manage to attain
any really outstanding peak,
although their highest poiInt
appeared in the middle of
August. The 1944 record is
almost the reverse of that in
1942. In the first three
months there was a low fluctu-
ating occurrence which came to
maxima in August and Sep-
temlber; that is, two or three
months later than in 1942. It
is not readily possible to ex-
plain this striking shift in the
period of maximum in the
three consecutive summers.
The two species of Muscina,
M. stabulans and M. assimilis,
are. both present in New Ha-
ven but the former species is
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much more common than the latter. The incidence of Muscina
stabulans is represented in Fig. 7. From this it is easily seen that
the false stable-fly was most abundant and most consistently present
in the 1942 season. The interrupted curves in 1943 and 1944
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Fig. 8. Phaenicia caeruleiviridis.
FANNIA SPP.
I4AE194S
8 ~~~~~~~~~~~~~~~1943
MAY JUNE AULYAUGUST SEPT OCT| MN
Fig. 9
HYLEMYA SPP.
A~~~~W
1943
tS14
Fig. I10
indicate its spotty, erratic oc-
currence in the traps. The
study made in 1942 showed4
that the Muscina species had
a distinct bait preference for
fish so it is not unreasonable
to attribute the smaller catches
in 1943 and 1944 to the fact
that in these two years fish was
not used as a bait. Muscina
assimiilis was such a rarely
trapped fly that its occurrence
is not graphed. The true
stable-fly, Stamnoxys calcitrans,
which differs from the other
species studied in this survev
in that it is a biting fly, was
only a rare, accidental visitor
to the traps.
Phaenicia caeruleiviridis,
which has been defined above,
is not common in New Ha-
ven. Figure 8 shows that it
was trapped earlier in 1943
and 1944 than in 1942, and
that in all three years it was
never abundant and only oc-
casionally entered the traps.
The little house-flies, or
latrine flies, belonging to the
genus Fannia (Fig. 9), and
the various root-maggot flies
of the genus Hylemya (Fig.
10) ranked sixth and fifth re-
spectively in volume of the
total catch. Both were more
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abundant and more continuously present in 1942 than in the follow-
ing two years, and-reached their maxima in the early part of the
summer at about the time the total population was near its peak. It
does not seem possible to find the explanation of the greater abun-
dance of these species in 1942 in the modification of the baiting
method because it has been shown (Power, Melnick, and Bishop4)
that these genera were significantly more attracted to feces than to
anyofthe otherthree baitsemployed in 1942. This was an important
component of the baits used in 1943 and 1944 as well as in 1942.
Ophyra leucostoma (Fig. 11) was also much more avbundant
and more continuously present in the collections of 1942 than in
those of 1943 or 1944. This,
OPHYFRA LEUCOSTOMA however, may have been a re- c 1942
sult of the change in baiting g t
procedure because when the
bait preferences were deter -
mined in 1942, it was found is43
that this fly was attracted to
1
fish almost to the exclusion of -
the other baits tested. Be- a
cause this material was not I ____________
used in 1943 and 1944, it IMAy JUNE DULY A_UGST 1
would be reasonable to expect Fig. 11
fewer Ophyra to enter the
traps. o, _
In spite of the fact that the :
common house-fly, Musco do-
mestica (Fig. 12) is an abun- h
dant and perhaps important
species in certain localities, in 1
New Havenitwas surprisingly _
uncommon in the traps em- A
ployed in this survey, so un-
I A UE DL .NS St"I OCT NOV common that it was considered 3 3
a rarity. It occurred infre- Fig. 12
quently and never in the three
years represented more than 10 per cent of any single collection, its
usual proportion being less than 5 per cent of those rare samples in
which it was found. In 1943 it was present in only six collections
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and in 1944 in seven. The 1942 study4 demonstrated that of the
four baits tested the two most attractive to the house-fly were banana
and fish. Neither of these were used in 1943 or 1944. This, how-
ever, is not an explanation of its low incidence throughout the sur-
vey because even in 1942 when those baits were used Musca only
twice rose above the 3 per cent mark in any single trap. These data
in themselves do not indicate a paucity of Musca within the whole
fly population of New Haven, even though such ;may be the case,
but rather, that conditions were such that they did not enter the
traps. The cause of this behavior may lie in one of the following:
the baits used were perhaps not significantly attractive, Musca may
be an indoor dweller, or the
CALLPHORA EPYTHRCEPALA results may indicate that it is a
poor flier and does not move
about enough to expose itself
to the attractive influences of
the baits used.
A : .,^, The bluebottle flies are rep-
resented by three species in New Haven, Calliphora ery-
A A A throcephala (Fig. 13), Cal- AYJUNE JULY AUGUST SEPT!EOCTlipioravomitoria,andCynom-
Fig. 13 yopsis cadaverina (Fig. 14).
The two genera may be easily
distinguished by means of the
CV"O"OPISI C*MM thoracic bristles: there are two
f0 pairs ofposterior acrosticals on
Cynomyopsis and three pairs
t. _____.______________________ in Calliphora. The three spe-
cies have approximately the
same seasonal history. Fig-
ures 13 and 14 show that they [ were almost completely absent
l[L in the midsummer months but -MAY JUNE IY AUUST I IOCT IN that they were found in the
Fig. 14 two ends of the season. In
1942 these flies were not
found in the collections until in the fall for the apparent reason that
the trapping was not begun that year until after they had disappeared
for the summer months. In 1943 the collections were begun almost
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two months earlier and the figures reveal that those species were
present in the earlier weeks as well as in the fall. Again in 1944
they are found in the early weeks, but because the trapping was ter-
minated near the end of September their late appearance could not
be detected. The data of the present survey do not explain the
cause of the absence of Calliphora and Cynomyopsis from the traps
during the midsummer months. It could, however, be suggested
that their bait preference might become modified in the middle of
the summer so that the baits used were not attractive to them during
those months, but this seems unlikely. It might be suggested that
their numbers remained constant throughout the season but that
they were overshadowed by Phaenicia to such an extent that the
few to enter the traps were overlooked among the thousands of
Phaenicia, but again this is not reasonable for if they were present
during the midsummer weeks at all, a few individuals would be
present from time to time in the identified random samples of those
weeks. Thecharts (Figs. 13 and 14) show that that did not happen.
Or, it is possible that Calliphora and Cynomyopsis are simply cool
weather flies which do not find favorable the climatic and ecological
conditions in the middle of the summer, and thus they survive at a
minimum level.
Theseasonal development ofthe largeibluebottle flies calls atten-
tion to the fact that certain of the other species have a characteristic
behavior in this respect, that is, they were regularly more abundant
in one certain part of the season. Three loosely defined groups can
be distinguished. First, those genera which flourished in the earlier
part of the season included Fannia (Fig. 9), Hylemya. (Fig. 10),
Ophyra (Fig. 11), and Lucilia (Fig. 5). Second, those which
became most common in midsummer were Phaenicia (Fig. 3 and
Fig. 8), Phormia (Fig. 4), Sarcophaga (Fig. 6), and Muscina (Fig.
7). And, third, those which appeared in greatest abundance at the
two extremities of the season were Calliphora (Fig. 13) and Cyno-
myopsis (Fig. 14).
It is desirable, but difficult, to state simply the position main-
tained by a species throughout a season, so it is expressed in this
report in two ways. In table 1 the total volume of the more
common species collected in 1943 and 1944 is listed together with
the rank which its volume gave each species among the other flies;
that is, the species with the greatest volume would have the rank
of I and that with the third greatest volume the rank of 3.
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The second method is employed in an attempt to give a better
running picture of the occurrence of each species throughout the
whole season. In this second method the different species of each
collection were assigned a value based on their relative numlbers in a
TABLE I
SUMMARY OF THE RELATIVE INCIDENCE OF THE MORE COMMON SPECIES
IN 1943 AND 1944
Position based
on sum of Sum of Sum of
arbitrary arbitrary Volume volume
Species ranks ranks rank in cc.
Phaenicia sericata (Mg.) 1 803 1 21,698
Phormia regina Mg. 2 593 3 1,344
Lucilia illustris (Mg.) 3 463 2 1,937,
Sarcophaga spp. 4 347 4 304
Calliphora erythrocephala Mg. 5 187 13 36
Phaenicia caeruleividis (Macq.) 6 177 7 100
Hylemya spp. 7 155 5 102
Cynomyopsis cadaverina (R.-D.) 8 151 9 68
Muscina stabulans Fall. 9 143 8 75
Fannia spp. 10 121 6 101
Musca domestica L. 11 106 11 49
Caliphora vomitoria L. 12 83 12 37
Ophvra leucostoma Wied. 13 70 10 58
particular collection, the species with *the greatest abundance was
arbitrarily given the rank of 10; the next most numerous 9, and
so on down to 1. The arbitrary assignments do not at all indicate
actual numbers, but only the relative abundance of a particular fly
in one single collection. In one day's collection the value 9 might
refer to 40 individuals and in another sample only five. The arbi-
trary values for each species were summed and the species with the
highest total value was given the rank of 1 in the table, the species
with the next highest, the rank of 2, and so on. The table shows a
reasonable correspondence between the volume rank and the arbi-
trary rank, but there is sometimes a wider discrepancy between the
two. For example, on the days when Calliphora erythrocephala
was trapped it usually represented a large part of the sample and
thus earned a high arbitrary rank, but in the early and the late parts
of the season to which this species seems limited, the total catch was
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always so small that the fly could not reach a large aggregate volume.
This fact is revealed by its two ranks: its arbitrary score is 5, whereas
its volume position is much lowerwith avalue of 13.
Discussion
It has not been possible during the present study to obtain direct
evidence regarding the specific r8le of separate species of flies as
carriers of the virus because Java monkeys (Macaca cynomolgus)
have not been available for such work during this period. Never-
theless, it is of interest to compare
the 1943 fly data with the course
of the epidemic of the same A
summer. , .5.
The curves for the total popu- t C /I
lation of flies and the number of 9I
new cases of poliomyelitis which
occurred each week are recorded
in Fig. 15. It will be seen at once
from the graph that the peak of
the fly curve preceded the peak of YI,o
the poliomyelitis epidemic and . y , .
that the centers of the two pyra- ,
mids are separated by about four
or five weeks. It would seem lo only reasonable that if flies did 1 JVNE I JUY I IAr SEPaT_
serve as vectors that their increase Fig. 15
in abundance would precede the
development of the epidemic by a period at least equivalent to the
incubation period of the virus in man plus a period during which
the fly acquired and perhaps incubated the infective agent.
The records of the species (shown graphically in Figs. 3 through
14) reveal that during the height of the 1943 epidemic there were
only four genera of flies present in the trapped population. These
induded the three species of greenbottle flies: Phaenicia sericata,
P. caeruleiviridis, and Lucilia illustris (all of which were formerly
placed in the genus Lucilia); Phormia regina and the flesh* flies
belonging to the genus Sarcophaga. They were more common in
1943 during and preceding the epidemic than at any time in the
three years of the study.
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Summary
Astudywas made of the flies ofNew Haven, Connecticut, during
the summers of 1942, 1943, and 1944. The purpose was to obtain
information about the population and to observe any possible cor-
relations between the seasonal incidence of the whole assemblage, as
well as of the individual species, and the course of the serious epi-
demic of poliomyelitis in that city in 1943. The study permits the
following general observations.
1. The total fly population, as measured by the methods de-
scribed, was greatest during midsummer, but the growth of the
population which was more rapid than the decline, came progres-
sively earlier in each of the three summers studied.
2. Phaenici'a sericata was clearly the dominant fly throughout
the three summers, representing between 80 and 90 per cent of the
volume of all the flies trapped.
3. The different species may be placed in three overlapping
groups based upon the part of the season in which they were most
numerous: (1) Fannia, Hylemya, Ophyra, and Lucilia flourished
in the earlier part of the season; (2) those most common in the
midsummer were Phaenicia, Phormia, Sarcophaga, and Muscina;
(3) Calliphora and Cynomyopsis were most abundant at the two
extremities of the season.
4. The number ofdifferent species entering the traps was great-
est at the opposite ends ofthe seasonwhen the number of individuals
was smallest; and it was lowest in midsummer when the population
was at its maximum.
5. The peak of the fly curve preceded the peak of the 1943
poliomyelitis epidemic, with the centers of the two pyramids being
separated by about four or five weeks.
6. During the height of the 1943 epidemic there were only
four genera of flies present in the trapped population: Phaenicia,
Lucilia (both of which were formerlyincluded in the genus Lucilia),
Phormia, and Sarcophaga. They were more common during and
preceding the epidemic than at any time in the three years of the
study.
7. It is unknown if the characteristics of the 1943 fly popula-
tion had any epidemiological correlation with the poliomyelitis epi-
demic of that yr.
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